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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) Y 
Can you record movies/images using your own microscope camera? (Y/N) N
If no, JoVE will need to record the images through a camera port or an eyepiece adapter. Please list the make and model of your microscope: 1) Carl Zeiss Axiovert 200 with an AxioCam MRc (however, this is inside a biosafety room so possibly is a bit trickier to access); 2) AmScope 40X-2500X Advanced Student Microscope with 3D Stage + 2MP USB Camera
B.  Software: Does your protocol include detailed, step-by-step instructions involving computer-controlled instrumentation or other software? (Y/N) N
[bookmark: BackToQues]C.  Procedure Highlights: Of the steps to be filmed, which will viewers benefit most from seeing? Please list 4-6 steps from this script by their step numbers (e.g. 2.1).
Steps 2.2, 2.3; 3.5, 3.6; 4.3; 5.4, 5.5
2.2, 2.3 (assembly/loading of double barrel syringe)
3.5, 3.6 (loading of microfluidic chip)
4.3 (addition sequence to make degradable nanogels)
5.4, 5.5 (setup of electrospinning assembly)
D.  Critical Steps: What is the single most difficult aspect of this procedure? Please list 1-2 steps from this script and briefly describe how you ensure success.
Steps 3.7, 3.8 (initiating flow in microfluidic chip without blocking it).
We ensure success by pre-testing the chip to ensure it is properly bonded (using the oil flow alone) and ensuring proper priming and simultaneous delivery of the two reactive (aqueous) polymer precursor solutions.
E.  Filming: Will filming need to take place in multiple locations? (Y/N) Y
[bookmark: Introduction]If yes, how far apart are the locations? Two rooms on the same floor, ~30 ft apart

1. Introduction (Experimental Goal and Author Interviews)

A. Experimental Goal (Spoken by voice talent at JoVE.)

The overall goal of this protocol is to fabricate degradable versions of thermoresponsive (thermo-responsive) hydrogels with controlled length scales and geometries. (Intro)

B.  Required Interview Statements (Said by you on camera. Don’t forget to smile!)  
1.1. Todd Hoare: This method can help address key challenges in biomedical materials, such as facilitating minimally-invasive long-term local drug delivery, creating responsive scaffolds for tissue engineering, or creating targeted nanoparticle dosage formulations.
1.2. Fei Xu: The main advantage of our technique is the rapid, reversible hydrazone chemistry, which allows us to control the size and shape of degradable hydrogels by changing the precursor polymer mixing geometry.
C.  Optional Interview Statements (Said by you on camera. Don’t forget to smile!)
1.3. Eva Mueller: This flexibility lets us create bulk gels, microgels, nanogels, and nanofibers, all using the same starting materials.
D. Introduction of Demonstrator (Said by you on camera. Don’t forget to smile!)
1.4. Todd Hoare: Demonstrating the procedure will be Emilia Bakaic, a post-doc from my laboratory; Fei Xu, a Ph.D. student from my laboratory; and Eva Mueller, a Master’s student from my laboratory.
1.4.1. Todd Hoare speaks towards the camera, interview style.
1.4.2. Emilia Bakaic looks up from a workbench and acknowledges the camera.
1.4.3. Fei Xu looks up from a workbench and acknowledges the camera.
1.4.4. Eva Mueller looks up from a workbench and acknowledges the camera.

[bookmark: Protocol]Protocol (Spoken by voice talent at JoVE.)
2. Fabrication of Hydrazone-Crosslinked Bulk Poly(Oligoethylene Glycol Methacrylate) (POEGMA) or Poly(N-Isopropylacrylamide) (PNIPAM) Hydrogels
2.1. First, prepare about 2 mL each of hydrazide- (high-druh-zide /ˈhaɪ drəˌzaɪd/) and aldehyde-functionalized (al-duh-hide /ˈæl dəˌhaɪd/) thermoresponsive precursor (pree-kur-sur /ˈpri: kɛr sər/) polymer solutions with concentrations between 5 and 40 wt% (percent by weight) in 10 mM phosphate-buffered saline. [1-MED-TXT]
2.1.1. With one polymer solution already prepared, talent mixes POEGMA-Hzd or -Ald with PBS and labels the solution container. (TEXT: See text for hydrazide- or aldehyde-functionalized (Hzd or Ald) POEGMA or PNIPAM synthesis. POEGMA hydrogel synthesis shown here.)
2.3 Use single barrel syringes to load the precursor polymer solutions into separate barrels of a 2.5 mL. 1:1 double barrel syringe. [1-MED]
	2.3.1 Talent draws one solutions into a single barrel syringe and dispenses it into one barrel of the double barrel syringe/ Then, talent repeats this step for the other barrel of the same syringe. 
2.2. Next, connect a 1.5” static mixer to the double-barrel syringe. [1-MED-Over shoulder] If desired, attach a 16G or 18G (sixteen- or eighteen-gauge), 1.5” needle to the static mixer. [2-CU]
2.2.1. Talent connects the static mixer to the double-barrel syringe.
2.2.2. Talent connects a needle to the static mixer-syringe assembly.
2.3. Use single-barrel syringes to load the precursor polymer solutions into separate barrels of a 2.5-mL, 1:1 double-barrel syringe. [1-MED]
2.3.1. Talent draws one solution into a single-barrel syringe and dispenses it into one barrel of the double-barrel syringe. Then talent draws second solution into a single-barrel syringe and dispenses it into the empty barrel of the same double-barrel syringe.
2.4. Then, cut from a soft silicone rubber sheet of the desired thickness a piece about the size of a standard microscope slide. [1-MED] Use a punch set to punch at least one hole of the desired shape into the silicone rubber sheet. [2-CU]
2.4.1. Talent places a piece of silicone rubber sheet on the workspace with the punch set.
2.4.2. Talent places a die on the rubber sheet and uses the punch to punch a hole in the rubber sheet.
2.5. Place this silicone rubber mold on a clean glass slide, ensuring that all holes are backed by the glass. Gently press the mold against the slide to fix it in place. Silicone rubber sheeting may also be used as backing to ensure good substrate (sub-straight /ˈsʌb streɪt/) adhesion (ad-hee-zhun /ædˈhiː ʒən/ (zh like vision)). [1-CU]
2.5.1. Talent places the finished silicone rubber mold on a standard glass slide, adjusts it so that all holes are backed by the glass slide, and gently presses down on the mold.
2.6. Co-extrude the hydrazide- and aldehyde-functionalized polymer solutions [1-MED] through the static mixer into the mold wells until the wells are filled completely. [2-CU] Cover the mold with a second clean glass slide and wait for gelation (jeh-ley-shun /ʤɛˈleɪ ʃən/) to finish. [3-CU]
2.6.1. Talent pushes down on the double-barrel syringe plunger to co-extrude the polymer solutions into a mold well.
2.6.2. Talent fills a second mold well with the co-extruded polymer mixture. (The static mixer connected to the syringe should be visible in this shot.)
2.6.3. With all mold wells filled, talent places a glass slide on top of the mold.
2.7. Then, remove the top slide, [1-MED] and use a spatula to separate the hydrogels from the silicone rubber mold. [2-CU] Lift the mold from the slide to recover the hydrogels. [3-CU]
2.7.1. Talent removes the top slide from the hydrogels.
2.7.2. Talent uses a spatula to separate one hydrogel from the rubber mold.
2.7.3. With all hydrogels having been separated from the mold, talent removes all hydrogels to a glass slide. 
3. Fabrication of Hydrazone-Crosslinked PNIPAM Gel Microparticles via Reactive Microfluidics
3.1. Prior to the procedure, fabricate a microfluidic (my-kro-floo-id-ik /ˌmaɪ kroʊ flu:ˈɪd ɪk/) chip for the microparticle generation. Synthesize hydrazide- and aldehyde-functionalized PNIPAM (poly-nee-pam /ˌpɒl iˈniː pæm/). [1-MED-TXT]
3.1.1. Talent places a microfluidic chip and containers of PNIPAM-Hzd and -Ald in the workspace. (TEXT: See text for details.)
3.2. To begin, prepare 2 mL each of 6 wt% solutions of hydrazide- and aldehyde-functionalized PNIPAM in deionized water. Load the polymer precursor solutions into separate 5-mL syringes. [1-MED]
3.2.1. Talent draws the two polymer precursor solutions from labeled containers into two labeled syringes.
3.3. Next, prepare 150 mL of a 1 wt% solution of sorbitan monooleate (sor-bih-tan mon-oh-oh-lee-ate /ˈsɔr bɪˌtæn ˌmɒn oʊˈoʊ liːˌeɪt/) in heavy paraffin oil. [1-MED-Over shoulder] Load this solution into two standard 60-mL syringes. [2-CU] Mount the four syringes in separate infusion syringe pumps. [3-MED]
3.3.1. Talent adds Span 80 to a beaker containing paraffin oil.
3.3.2. Two labeled 60-mL syringes containing the Span 80-paraffin oil solution.
3.3.3. Talent clamps one of the four syringes in a syringe pump.
3.4. Next, connect a 45-cm length of silicone tubing to the microfluidic chip outlet. [1-CU] Place the end of the outlet tubing in a waste container. [2-MED]
3.4.1. Talent connects the silicone tubing to the microfluidic chip outlet.
3.4.2. Talent places the end of the outlet tubing in the waste container.
3.5. Connect the polymer solution syringes [1-MED] to the polymer inlet channels on the microfluidic chip with 30-cm lengths of silicone tubing. [2-CU]
(Added shot) Talent primes the polymer syringes by pushing a small amount of polymer through the tube that is connected to the polymer-filled syringe. 
(Added shot) Once polymers syringes are clamped in a syringe pump, talent again primes the polymers syringes to ensure the equal flow of the two polymers.
3.5.1. Talent gently pulls the free ends of the silicone tubing connected to the polymer solution syringes closer to the microfluidic chip.
3.5.2. (Combine with 3.5.1) Talent connects the silicone tubing to the polymer inlet channels. Video editor: 3.5.1 and 3.5.2 were filmed in one shot.
3.6. Connect one paraffin oil solution syringe to the upstream oil inlet channel with silicone tubing. [1-MED] Connect the other oil syringe to both downstream oil inlet channels [2-CU] using silicone tubing and a U-shaped syringe joint. [3-MED]
3.6.1. Talent connects the silicone tubing that is connected to one oil syringe to the upstream oil inlet channel.
3.6.2. Talent connects silicone tubing to the two downstream oil inlet channels. All tubing should be connected to the microfluidic chip in this shot.
3.6.3. Talent points out the U-shaped syringe joint and the two pieces of silicone tubing connected to the second oil syringe.
3.7. Set the flow rates of the pumps equipped with oil syringes to between 1.1 and 5.5 mL/h. [1-MED] Flow oil through the microfluidic chip for at least 30 minutes to prime the chip and to confirm that the chip is defect-free. [2-CU]
3.7.1. Talent sets the flow rates on the syringe pump equipped with the two oil syringes.
3.7.2. The microfluidic chip as oil flows through the chip and out into waste.
(Added Shot) Microscope video of only oil flowing through the chip, focused at the microfluidic nozzle. 
3.8. Then, simultaneously deliver both polymer solutions to the primed chip at 0.03 mL/h. [1-MED-Over shoulder] Allow the flow of polymer and oil to equilibrate for 30 minutes to 1 hour. [2-SCOPE]
3.8.1. Talent starts the polymer syringe pump.
3.8.2. The view through the microscope of the flow equilibrating in the microfluidic chip.
3.9. Eva Mueller: To prevent premature gelation of the precursor polymers before the microfluidic nozzle, it is essential to prime the tubes carefully and start the flow of each polymer at the exact same time to avoid backflow into either polymer reservoir. [1-MED]
3.9.1. Talent speaks towards the camera, interview style.
3.10. Once uniform gel microparticles are forming at the nozzle of the microfluidic chip, [1-SCOPE] collect the particles in a plastic centrifuge tube with an active magnetic stir bar. [2-MED] Stop the syringe pumps and the stir motor when the oil has been consumed. [3-WIDE]
3.10.1. The view through the microscope of uniform gel microparticles forming at the nozzle and flowing through the microfluidic chip. Author note: The chip we were using, due to a small defect in our mold we discovered too late to fix, operated in jetting mode instead of flow focusing mode.  We have a high-speed video of the chip operating in the correct mode that we can provide to you instead of what was filmed and is more representative of what we typically see.   
3.10.2. The flow of microparticles in oil from the microfluidic chip into the centrifuge tube, with the stir bar already stirring.
(Added Shot) Close up of the particles flowing in the outlet tube. 
3.10.3. Talent stops the syringe pumps.
3.11. Once the gel microparticles have settled in the tube, decant (dee-cant /diˈkænt/) the paraffin oil with a pipette. [1-MED] Add to the flask 10 mL of pentane (pen-tain /ˈpɛn teɪn/) for every 0.5 mL of microparticles. Vigorously mix the emulsion (ih-mull-shun /ɪˈmʌl ʃən/) for about 1 minute. [2-MED]
3.11.1. Talent uses a pipette to remove paraffin oil from the tube containing oil and settled gel microparticles.
3.11.2. Talent adds pentane to the flask and starts vigorously mixing the emulsion.
(Added shot) Talent shakes the emulsion and shows the settling of gel microparticles after three pentane washes. 
3.12. [bookmark: _Hlk485297005]Allow the particles to settle for 1 to 2 hours before decanting (dee-can-ting /diˈkæn tɪŋ/) the pentane with a pipette. [1-MED] Repeat this pentane wash at least five times. [2-CU] Transfer the washed gel microparticles to a small glass scintillation (sin-tll-ey-shun /ˌsɪn tlˈeɪ ʃən/) vial. [3-MED]
3.12.1. Talent uses a pipette to remove pentane from a tube containing the pentane wash and settled nanoparticles.
3.12.2. Talent continues to remove pentane from above the settled gel microparticles in the tube, using a plastic transfer pipette.
(Added Shot) Talent blows air into the tube to evaporate any residual pentane.
3.12.3. Talent transfers the gel microparticles to a scintillation vial.
3.13. Resuspend the particles in 1-2 mL of deionized water. [1-MED] 
3.13.1. Talent resuspends the particles in DIH2O.
3.13.2. The vial of the gel microparticle suspension being purged with N2 gas.
4. Thermally-Driven Reactive Self-Assembly of Hydrazone-Crosslinked PNIPAM Nanogels
4.1. To begin this procedure, prepare 5 mL each of 1% solutions of hydrazide- and aldehyde-functionalized PNIPAM in deionized water. [1-MED-Over shoulder]
4.1.1. Talent places labeled vials of 1% PNIPAM-Hzd and -Ald in the workspace.
4.2. Heat 5 mL of the hydrazide-functionalized PNIPAM solution to 70 °C while stirring. [1-MED-TXT] Monitor the solution as it becomes opaque, and confirm that no visible precipitate (preh-sip-ih-tit /prəˈsɪp ɪ tɪt/) forms. [2-CU]
4.2.1. With the scintillation vial of 1% PNIPAM-Hzd already in an oil bath, talent turns on the heat and the stir motor under the oil bath. (TEXT: Particle size is largely unaffected by stir speed.)
4.2.2. The opaque solution stirring in the vial, with no visible precipitate.
4.3. Then, add 0.25 mL of the aldehyde-functionalized PNIPAM solution dropwise to the heated hydrazide-functionalized PNIPAM solution over the course of 5 to 10 seconds. [1-CU]
4.3.1. Talent adds PNIPAM-Ald dropwise to the heated PNIPAM-Hzd solution.
4.4. Stir the mixture for 15 minutes at 70 °C. [1-CU] Then, remove the mixture from the oil bath and allow it to cool to room temperature overnight to obtain the nanogels (nano-gels) for purification. [2-MED]
4.4.1. The mixture stirring in the scintillation vial after PNIPAM-Ald addition. Video editor: This was accidentally slated as 4.3.2
4.4.2. Talent removes the vial from the oil bath and places it aside to cool.
(Added Shot) Talent shows that there is no visible aggregation in the scintillation vial. 
4.5. Place the nanogel mixture in a 3,500-kDa (kilodalton (doll-tn /ˈdɔ:l tn/)) MWCO (molecular-weight cutoff) dialysis membrane. Dialyze (dye-uh-lize /ˈdaɪ əˌlaɪz/) the nanogels against deionized water six times over 6-hour cycles to remove non-crosslinked polymers. [1-MED-TXT] If desired, lyophilize (lie-off-ih-lize /laɪˈɒf əˌlaɪz/) the purified nanogels for storage. [2-CU]
4.5.1. Talent places a dialysis membrane that contains nanogels in a container of DIH2O. (TEXT: See text for dialysis details.)
4.5.2. A labeled vial of lyophilized nanogels.
5. Fabrication of Hydrazone-Crosslinked POEGMA Nanofibers via Reactive Electrospinning
5.1. To begin the gel nanofiber fabrication procedure, prepare 1 mL each of 15 wt% solutions of hydrazide- and aldehyde-functionalized POEGMA (peg-ma /ˈpɛg mə/) in deionized water. [1-MED-Over shoulder]
5.1.1. Talent places 15 wt% solutions of POEGMA-Hzd and -Ald in the workspace.
5.2. Then, prepare 2 mL of a 5 wt% solution of high-molecular-weight poly(ethylene oxide) (paul-ee-eth-uh-leen ock-side /ˌpɒl i:ˈɛθ ə li:n ˈɒk saɪd/) in deionized water. [1-MED] Combine each POEGMA precursor solution with 1 mL of the poly(ethylene oxide) solution. [2-MED]
5.2.1. Talent dissolves PEO in deionized water.
5.2.2. Talent adds 1 mL of the PEO solution to each polymer solution.
5.3. Next, connect a 1.5” static mixer and a blunt-tipped 18G (eighteen-gauge) needle to a 2.5-mL, 1:1 double-barrel syringe. [1-CU] Load the precursor solutions into separate barrels of the double-barrel syringe. [2-CU] Mount the double-barrel syringe on an infusion syringe pump. [3-MED]
5.3.1. Talent connects a static mixer and a blunt-tipped needle to the double-barrel syringe.
5.3.2. With one barrel already filled with one polymer solution, talent adds the second polymer solution to the empty barrel of the double-barrel syringe.
5.3.3. Talent mounts the double-barrel syringe on the syringe pump.
5.4. Then, mount an aluminum-disk electrospinning-collector 10 cm from the end of the needle. [1-MED-TXT] Ground a high-voltage power supply at the collector, and connect the power supply to the needle. [2-MED]
5.4.1. Talent mounts the electrospinning disk perpendicular to the needle. The syringe on the infusion syringe pump should also be visible in this shot, if possible. (TEXT: See text for collector details.)
5.4.2. Talent grounds the power supply at the collector, and then connects the power supply output to the needle.
5.5. Set the syringe pump to 0.48 mL/h and the power supply to 8.5 kV. [1-MED-Over shoulder] Simultaneously start the syringe pump and the power supply to initiate electrospinning. [2-MED] Continue until the desired thickness is reached or the precursors are exhausted. [3-CU]
5.5.1. Talent sets the flow rate on the syringe pump.
5.5.2. Talent simultaneously starts the syringe pump and the power supply.
5.5.3. The nanofibers being deposited on the collector disk.
5.6. After nanofiber production has finished, turn off and disconnect the electrospinning assembly. [1-MED] Soak the collected gel nanofibers in deionized water for 24 hours to remove the poly(ethylene oxide). [2-CU]
5.6.1. Talent stops the syringe pump and the power supply.
5.6.2. The collected scaffolds soaking in DIH2O.
6. Results: Bulk, Microscale, and Nanoscale Thermoresponsive Hydrogels
6.1. [bookmark: _Hlk491257074]Double-barrel syringe delivery produced hydrazone-crosslinked (high-druh-zone /ˈhaɪ drəˌzoʊn/) POEGMA bulk hydrogels with a range of mechanics, gelation times, and transparencies depending on the precursor polymer concentration, the reactive functional-group density, and the number of ethylene-oxide repeat-units on the monomers (mon-uh-mers /ˈmɒn ə mərs/). [1-LM]
6.1.1. Figure 5, without the left side of 5A (54502_Hoare_Figure5A.tif, 54502_Hoare_Figure5B.tif, 54502_Hoare_Figure5C.tif, 54502_Hoare_Figure5D.tif, 54502_Hoare_Figure5E.tif, and 54502_Hoare_Figure5F.tif, arranged roughly as shown in Figure 5 – revised.tif) During “a range of mechanics, gelation times, and transparencies”, emphasize 5A; during “the precursor polymer concentration”, emphasize 5B; during “the density of reactive functional groups”, emphasize 5C; and during “the number of…monomers”, emphasize 5D, 5E, and 5F.
6.2. The flow rates of both the paraffin oil and the polymer precursor solutions affected the sizes of hydrazone-crosslinked PNIPAM gel microparticles fabricated with a microfluidic device. [1-LM] Reversible temperature-dependent swelling was observed with hot-stage optical microscopy (my-cross-kuh-pee /maɪˈkrɒs kə pi:/). [2-LM] The gel microparticles degraded to their oligomeric (uh-lig-uh-mair-ik /əˌlɪg əˈmɛr ɪk/) precursors over time. [3-LM]
6.2.1. Figure 6A (54502_Hoare_Figure6A.tif): Add the caption ‘Paraffin oil flow rate’ above or below the figure.
6.2.2. Figure 6B (54502_Hoare_Figure6B): Add the caption ‘Below VPTT’ under the left and right images and the caption ‘Above VPTT’ under the center image.
6.2.3. Figure 6C (54502_Hoare_Figure6C): Add the caption ‘Accelerated (1 M HCl) degradation for imaging time scale’ under 6C.
6.3. The sizes of self-assembled hydrazone-crosslinked PNIPAM nanogels varied with the aldehyde- to hydrazide-functionalized polymer precursor mass ratio, but remained highly monodisperse (mono-disperse). [1-LM] As the mass ratio increased, less thermal deswelling (dee-swelling) was observed. [2-LM] Like the gel microparticles, the nanogels degraded to their oligomeric precursors over time. [3-LM]
6.3.1. Figure 7A (54502_Hoare_Figure7A.tif)
6.3.2. Figure 7B (54502_Hoare_Figure7B.tif)
6.3.3. Figure 7E (54502_Hoare_Figure7E.tif): Add the caption ‘Accelerated (1 M HCl) degradation’.
6.4. Hydrazone-crosslinked POEGMA hydrogel nanofibers with diameters on the order of 300 nm were produced by reactive electrospinning. [1-LM] Nanofiber hydration was about two orders of magnitude faster than hydration of a bulk gel with the same polymer composition. [2-LM]
6.4.1. Figure 8A (54502_Hoare_Figure8A(left).tif), left image only
6.4.2. Figure 8A (center and right images only) and Figure 8B (54502_Hoare_Figure8A(centre_right).tif and 54502_Hoare_Figure8B.tif)
6.5. [bookmark: _Hlk480795788]The nanofibers retained their nanofibrous morphology (mor-fall-uh-jee /mɔ:rˈfɒl ə ʤi:/) for over 8 weeks before degrading under physiological (fiz-ee-oh-loj-ih-kul /ˌfɪz iː əˈlɒʤ ɪ kəl/) conditions. Faster degradation occurred in acidic environments. [1-LM] The nanofibers were mechanically robust in both the dry and swollen states. [2-LM]
6.5.1. Figure 8C (54502_Hoare_Figure8C.tif): Add the caption ‘Accelerated (1 M HCl) degradation’.
6.5.2. Figure 8D (54502_Hoare_Figure8D.tif)
7. Conclusion (Said by you on camera. Don’t forget to smile!)
7.1. Todd Hoare: After watching this video, we hope you have a good understanding of how to create degradable thermoresponsive hydrogels on different length scales by controlling how the gel precursor polymers are mixed.  
7.2. Fei Xu: Remember to ensure that the gelation time of the precursor polymers matches the needs of each protocol. Gelation that is too fast will inhibit microgel and nanofiber fabrication; gelation that is too slow will result in poorly-controlled morphologies.
7.3. Todd Hoare: These techniques pave the way for researchers in the fields of drug delivery and tissue engineering to create well-defined “smart” hydrogel scaffolds for controlling the rate or location of drug release or supporting tissue regeneration.  

[bookmark: ProvidedMedia]PROVIDED MEDIA
Authors: Name new or modified files with the scheme 01234_PIname_Figure1.tif, where 01234 is your JoVE video ID and PIname is the corresponding author’s surname. For example:

5.2 – 01234_PIname_Figure1.tif – dual color imaging of tumor angiogenesis at 40X
5.3 – 01234_PIname_Figure2.tif – dual color imaging of tumor angiogenesis at 100X

Minimum dimensions: 720 x 480 pixels
Minimum resolution: 300 dpi

Preferred image formats: .tiff, .png, .eps, .ai, .psd, .pdf
Preferred movie formats: .mov, .mp4, .avi

If figures or tables were created as .xlsx files, please provide those as well.

Upload each file to your project folder: https://www.jove.com/account/file-uploader?src=16623158

Please list the provided files below and specify the step or steps where the files will be used. If a file is not based on an existing figure, please provide a short description.

· 6.1 - 54502_Hoare_Figure5A, 54502_Hoare_Figure5B, 54502_Hoare_Figure5C, 54502_Hoare_Figure5D, 54502_Hoare_Figure5E, 54502_Hoare_Figure5F
· 6.2 - 54502_Hoare_Figure6A, 54502_Hoare_Figure6B, 54502_Hoare_Figure6C
· 6.3 - 54502_Hoare_Figure7A, 54502_Hoare_Figure7B, 54502_Hoare_Figure7E
· 6.4 - 54502_Hoare_Figure8A(left), 54502_Hoare_Figure8A(centre_right), 54502_Hoare_Figure8B
· 6.5 - 54502_Hoare_Figure8C, 54502_Hoare_Figure8D


General Preparation

It is critical for a smooth and organized shoot that your samples, reagents, instruments, glassware, and software are ready to go. This ensures that filming can quickly move from step to step.

Reagents, samples, and solutions should be prepared or collected and labeled before we arrive. All tubes, flasks, and plates should be clean, dry, and neatly labeled.

If your procedure includes long incubation, reaction, heating, or calculation times, prepare the products of those steps before we arrive. Please notify your script editor if the product of a long step is too unstable to be prepared in advance.

[bookmark: _GoBack]Please contact your script editor if you have general questions about filming. For detailed preparation instructions, please see the email that accompanied this script.
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